Introduction
The atmosphere serves as an oxidizing medium in the global biogeochemical cycles [Intergovernmental Panel on Climate Change (IPCC), 1996; Schlesinger, 1997] . Reduced chemical species emitted by the biosphere and by human activities are oxidized in the atmosphere. The oxidizing capacity of the atmosphere is related to the abundance of the oxidants (such as reactive nitrogen oxides NOx = NO + NO2), which is determined by their production and removal processes. In particular, reactive nitrogen oxides play an important role in influencing the ozone concentration [Crutzen, 1970] . In the troposphere and stratosphere, NOx is closely related to the ozone chemistry via two separate processes. In regions of high NOx concentrations, ozone is produced photochemically in the cycling of NO to NO2, another key atmospheric oxidizing species. The reaction between NO2 and OH leads to the formation of relatively stable nitric acid HNO3, which can be removed from the atmosphere by precipitation and hence provides an important fixed nitrogen for the biosphere. Also, since O3 strongly absorbs the Earth's infrared radiation, knowledge of the regional and global NO• distribution is important for climate studies.
Nitrogen oxides are emitted into the atmosphere from natural and anthropogenic sources, that is, from fossil fuel combustion, biomass burning, oxidation of atmospheric ammonia, and lightning [Seinfeld and Pandis, 1998 ]. In addition, transport of NO• from the stratosphere and aircraft Raizer, 1966]. The process involves "freezing out" a few percent of NOx as the temperature of the lightning channel decreases to about 3000 K. At that point in time, the volume of hot gas produced, which is related to the amount of energy deposited on the gas by the lightning stroke, controls the amount of NO produced per joule of energy input. Other ambient factors may also influence the amount of NOx produced per flash, including pressure, relative humidity, and the duration of the discharge. In addition, NOx can also be produced by a mechanism involving ion-molecule reactions from ion and photon generation induced by lightning discharge [Griffing, 1977; Boldi, 1992] .
A number of studies have investigated the production rate of NOx by a single lightning discharge. 
Data and Method

Climatology of Lightning NOx Production
Plate I depicts the geographical distribution of NOx production by lightning from 1995 to 1999. The climatology of NOx production by lightning was obtained by assuming the production rates of 6.7 x 10 26 and 6.7 x 102s NO molecules for Table 2 presents the seasonal variation of NOx production by lightning. The production listed in Table 2 is the average value over the 5-year period. NOx production by lightning exhibits a strong seasonal variation, consistent with the seasonal variation of lightning activity (Table 1) [ 1996, 1999] . NOx emissions from biomass burning and soil release both show a seasonal variation. For biomass burning, the production reaches the highest levels in September and October, whereas the soil release peaks in July and August. On the other hand, the anthropogenic emission dominates throughout the year, with little seasonal variation. The production of NOx by lightning is slightly higher than that from soil release in the summer months (i.e., June, July, and 
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